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1. INTRODUCTION

1.1 Purpose of Program.

The purpose of this program is to develop an electromagnetic radiation
system (EMRs) which will produce a prescribed constant field ~trength while it
scans a wide frequency range. The specified maximum f ield strength is 200
volts per meter and the specified frequency range is 30 Hz to 40 GHz. The
system is intended to be used to perform electromagnetic susceptibility tests
on a wide variety of test samples , to the requirements of military electro-
magnetic compatibility (EMC) standards.

The program consists of two phases. Phase I covers research and
investigation to determine specific requirements for the EMRS and methods for

• meeting these requirements. The result of Phase I is a design plan of the
EMRS system, resulting from the investigations performed during thi8 phase.
Phase II covers construction of an exploratory development model of the EMRS,
consisting of a working model covering portions of the required frequency
range. This model will be constructed after approval of the design plan by
the contracting officer (or his designated representative).

1.2 Summary of Second Quarter.

During the second quarterly reporting period, the following major tasks
were performed:

1. A system block diagram was developed.

• 2. Potential signal sources and amplifiers , which could be used in
the final EMRS, were surveyed and their charac teristics were
tabulated.

3. The parallel plate transmission line, originally considered for
low frequency f ield generation, was replaced by the more suit-
able strip transmission line.

4. Preliminary calculations were performed to determine the power
required to obtain a field of 200 volts per meter with the strip

• line, and theoretical and experimental analysis was performed to
-. determine the equivalence between fields generated by this line

and radiated fields. The physical characteristics of the strip
- line and its characteristic impedance were investigated.

• 5. The elliptic reflector, originally considered for high frequency

• field generation, was replaced by the more suitable refocused
parabola. Preliminary analysis of the refocused parabola was
performed on a far field basis.

1.3 Summary of Third Quarter.

During the third quarterly reporting period, primary emphasis was
placed on refining the design of the strip transmission line and the refocused

- 

parabola, including calculations of various design parameters. This work is
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outlined below:

1. Dimensions of the strip transmission line, required to obtain a
characteristic impedance of 50 ohms, were computed.

2. The eff ects of protrusions, on the surface of the test sample, and
on the VSWR of the strip line were analyzed.

3. The maximum usable frequency of the strip line, to insure
propagation of the TEM mode only, was calculated.

4. The maximum attenuation per unit length of the strip line was
calculated .

5. A practical design for the strip line configuration was
developed, and power required to establish the required field

• strength was computed.

6. For the refocused parabola, the axial displacement of the feed
was computed , and it was proven experimentally that the resulting
antenna had the same gain in both the near and the far field.

7. Calculations and graphs were prepared to show the gain, beam—
width, field intensity , required power (for 200 volts per meter)
and diameter of circle illuminated, as functions of frequency
and aperture diameter.

8. An updated system block diagram was prepared , and descriptions
of the various components in a functional sense are included in
this report.

A.



F 2. EMRS SYSTEM

• 2.1 Description

• The EMRS block diagram is shown in Figure 1. The overall system con—
• sists of two subsystems, a low frequency system (strip transmission line) and

a high frequency system (refocused parabolas). The low frequency system covers
the range of frequencies from 10 kHz to 2 G}Lz requiring a power input over the
frequency range of up to 50 watts. The high frequency system covers the range
of frequencies from 2 GHz to 40 GHz. Individual bands cover 2—4 GRz, 4—8 GHz,
8—12.4 GHz, 12.4—18 GHz, 18—26.5 GHz and 26.5—40 GHz. The input power required
for these bands ranges from 1 watt to over 100 watts, depending on frequency and

• antenna size.

To provide the required field intensity of 200 V/rn over the specified
frequency bands, power amplifiers are necessary. The 10 kHz to 40 GHz band-
width is covered in 10 ranges: 10 kllz—250 MHz, 250—500 MHz, 500 MHz—l GHz,
1—2 GHz, 2—4 GHz, 4—8 GHz, 8—12.4 GHz, 12.4—18 GHz, 18—26.5 GHz and 26.5—40 GHz.
The 200 V/rn field intensity over the frequency range above 2 GHz is achieved

• with power drive requirements as shown in Figure 9. Power amplifier require-
ments below 2 GHz are less than 50 watts as shown in section 3.9 of this report.

The signal sweep generators, with their respective plug—in modular
units, contain built—in leveling controls. The generator output as a function
of frequency is held constant by the level control. The sweep generators also
contain variable gain (power out) control which control the field intensity by
varying the signal generator output. The sweep generator drives a system that

• is broadband and relatively flat, assuring a field strength that is constant
within a few dB as a function of frequency.

The EMRS system output is monitored by a power meter, which measures
power output, and a frequency meter which measures the operating frequency.

2.2 Key Features

The EMRS system is capable of presetting field strengths from .001 to
200 V/rn by adjusting the gain control on the sweep generators. An absolute
indication of the field strength can be read off the calibrated power meter to
an accuracy of better than ± 4 dB.

• The EMRS system is designed to produce field intensities up to 200 V/rn.
To produce this intensity over the frequency band of 10 kHz to 2 GHz, a power
amplifier of 50 watts is required . From 2 GHz to 40 GHz, power amplifiers from
approximately 126 watts down to 1 watt, are required. If field intensities of
less than 200 V/rn are required (say 50 V/rn), the appropriate power amplifiers
can be easily integrated into the system without any other equipment changes.

The signal source for the EMRS is a sweep generator with plug—in modular
units to cover the required frequency ranges shown in Figure 1. The user may
select which frequency bands are needed and the corresponding plug—in units that
suit his own particular needs.
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The signal sweep generators have the capability to automatically and •

manually scan the frequency band that they cover .
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3. STRIP TRANSMISSION LINE

3.1 General.

The strip transmission line will be used from 10 kHz to 2 GHz and
will consist of a conductor between two ground planes. In this application,
one of the ground planes is provided by the surface of the test object.
Fields will then be generated between the conductor and ground planes. These
fields induce currents on the ground planes and energy is coupled into
the test object.

The strip transmission line’s upper frequency limit is dependent upon
a number of factors: separation between conductors, width of conductors and
transmission loss. The separation and width of the conductors determine the
modes that propagate in the line. When modes other than the principal TEN
mode begin to propagate, these higher order modes interact with the TEN mode

F and result in non—uniform fields whose characteristics are difficult to pre-
dict. The line losses also limit the usefulness of long lines at high fre-
quencies since the losses are a function of length and frequency and result

• in non—uniform fields. Since the transmission line’s mode of propagation is
the TEN mode, no lower cut—off frequency exists and the line can be used down
to zero frequency (DC).

The following paragraphs address themselves to these and other consi—
derations.

• 3.2 Coupling Mechanism.

In the strip transmission line system considered, the electric fields
generated terminate on the test object and induce currents on the surface of
the test object. Whenever these currents er.counter a discontinuity in the
conductive surface of the test object, a voltage is generated across th. die—
continuity. Energy is then radiated both into and away from the test object.
This is the mechanism by which energy is coupled into the test object for
determining its radiation susceptibility characteristics. When radiating
antennas are used to generate the fields, the test object is in the field of

• the radiated energy. The radiated energy, upon reflection from the test object
A. surface, induces currents on the surface. These surface currents then behave

in the same manner as those induced by the strip transmission line technique.

An analysis of the equivalency between fields generated by the strip
transmission line and radiating techniques, as well as experimental confirma—
tion, was presented in the second quarterly report. It was mathematically
shown that the degree of coupling for the two techniques are equivalent as
long as the magnetic field component for the propagating wave in the strip
transmission line is twice that of the magnetic field component of the normally

.~• incident radiated plane wave. Since both are TEN waves in an air dielectric,
the electric field strength for the strip transmission lina must be twice the
electric field strength for the radiated wave in order to produce the same
surface current density and hence the same degree of coupling. The field
strength required in the strip transmission line is thus 400 volts per meter

• in order to be equivalent to the effects produced by the radiated plane wave



3.3 Impedance.

A formula for the characteristic impedance of a strip transmission
• line (which assumes a wide strip width so as to neglect the fringe fields)

is given as equation (18) in the second quarterly report, A more general
determination of the characteristic impedance is possible with the aid of
Figure 2. The impedance curves shown are valid over the range of parameters
given without any assumed restrictions as to these parameters. These curves
will be used in this report for a more representative determination of the
strip transmission line characteristic impedance than would be possible by
using equation (18).

As a practical example, the following parameters as depicted in
Figure 3 are specified as practical selections:

t = 0.125 inches = thickness of center conductor.
t/b = .05

and then, b = 2.5 inches = separation between ground planes.

For a characteristic impedance of 50 ohms, Figure 2 gives the following ratio:

w/b = 1.3
and then, w = 3.25 inches = width of center conductor

Figure 3 is an illustration of the strip transmission line configura-
tion. The physical conf iguration can be realized in practical application by
using dielectric standoffs to maintain the spacing.

If it is assumed that the test object has a flat conductive surface,
the strip transmission line does not have to conform to irregularly shaped
objects. For a non—conforming (fixed) center conductor, finite protrusions
on the test object surface will produce impedance loading effects. With rea-
sonable protrusions, the percentage cross—section area of the symmetrical line
obstructed by the protrusion is small , so that the effect on the impedance of
the strip transmission line is relatively small~. An analysis of the impedance
loading effects of protrusions in strip line i~~given in the Appendix. The
numerical example in Section 7 of the Appendix shows that even a sizeable
obstruc tion of one square inch would not require an~r~~mpedance compensation
in order to preserve a voltage standing wave ratio ~on1y 1.2 to 1. This is
true in the case of Figure 3 for reasonable obstructi~,ns under one inch in
height. 

\~ _

3.4 Cut—Off Frequency. 
-

An upper frequency limitation is imposed on the strip ~transmission
line by the onset of higher order mode propagation when the plate separation
is greater than one—half wavelength. The equation for determining the cut—off
frequency for any higher order mode is given by:

f = 

~
j
~~

+(
~
._)
~ 

(l)*

where: c = speed of light
a=width

~~ b = height
m 1 n order of the mode

*N. Marcuvitz; Waveguide Handbook; Volume 10, MIT Rad Lab Series, MCGraw Hill
Book Co., 1949; pp 57, equation 3.
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The first undesired mode which will propagate is the TE01 mode. With m ’equal
to zero and n equal to one, equation (1) reduces to:

f = _.~.... (2)

• For the example in Figure 3 with b equal to 2.5 inches, the upper cut—off
frequency, determined by that frequency where the TE~1 mode will propaga te,
is calculated to be 2.36 GHz. This indicates that tfe strip transmission line

- - can be used up to 2 GHz.

3.5 Attenuation.

The attenuation in the strip transmission line is due to both conductor
• losses and dielectric losses, or:

cztotal,~aconductor + adielectric — ac + ad

= (y/b)lfGHZ
Er~

.Ir(p/pCU) dB/unit length (3)*

and ad = (27.3FpV’~~5fAo dE/unit length (4)*

where 
~‘~cu 

= conductor resistivity relative to copper

- . y = ordinate from figure 31 of reference

Fp = power factor or loss angle of dielectric

• 

~ GHZ 
= frequency in GHz

b = separation between ground planes

Cr = dielectric constant

= permeability

Ao = free—space wavelength

For the configuration being considered:

= 1.52 for aluminum conductor

- . y = .00052 from figure 31 (t — .125 inches, Zo 50 ohms)

b = 2.5 inches

~ 1.0
+

I. Fp = .0001k

* ITT; Reference Data for Radio Engineers, Fif th Edition; pp 22—26. 27, 28.
- + Walton, J.D.; Radome Engineer ing Handbook, Marce l Dekker , Inc., New York

1970; pp 193—196.
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It can be seen from the equations that attenuation increases with

frequency, and the greatest line loss will occur at the maximum frequency at
which the stripline technique is to be used. The maximum attenuation then

I occurs at 2 Ghz and is found to be:

- 
edielectric — .000462 dB/inc h

J aconductor .000363 dR/inch

- 
atotal — .000825 dB/inch

For praccical purposes, the total attenuation is in the order of .01 dB per
- • foot .
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3.6 Configuration.

During the course of developing the strip transmission line technique,
several configuration concepts were considered . As originally conceived, the
strip transmission line would have been a flexible, though firm, structure
continuously wrapped around the test object with adjacent lines appropriately
spaced . This seemed extremely attractive since a 100 foot length would still
have low attenuation (.01 dB per foot or 1 dB) and be able to cover large
test objects in one operation. The drawback of this technique is that when
the differential line length between adjacent lines becomes an odd multiple
of one—half of a wavelength, the adjacent fields are 180 degrees out of phase
and therefore cancel. For this reason, If the test object is to be illumi-
nated by adjacent lines, these lines must be correlated in phase.

Another approach was to retain a flexible line structure that would
be t-sralleled by “zip—lock” arrangements, with other identical lines to any
desired width and then wrapped around the test object with only one turn of
the composite line. The disadvantage of this technique is that the lines
would have to be cut to appropriate lengths for each test and this would ,
essentially, render the lines expendable.

Rigid and flexible lines have been preliminarily investigated for
mechanical implementation. Flexible lines are not mechanically desirable
because the pliability of the foam or other spacing material is necessarily
high to permit conformal fit to irregular surfaces and the fit is mechanically
unstable on relatively smooth surfaces. A rigid line configured similar to
that shown in Figure 4 is preferred . The spacing material between the top

• conductor surface and the center line iS honeycomb or foam. Dielectric
spacers are located between the striplines and the test object allowing con-
trol knobs, indicators, etc., to be closer to the stripline. The effects of
these protrusions on input power and VSWR are treated in the Appendix of
this report.

The stripline thus configured could be supplied in standard sizes,
rectangular or square and up to 3 feet maximum dimension. In practice,
several lines could be placed simultaneously over the test object to facili-
tate multiface coverage. If the side of the test object is less than the

• standard stripline sizes, the “ground plane” which is the object under test
should be extended so that the stripline operates against a continuous ground
plane. This may be implemented by beryllium copper spring contacts against
the test object with the contacts connected to thin aluminum sheet which may
be fitted to the test object or trimmed . Mechanical implementation will be

• determined by actual operation of prototype models go that set up time, opera-
tion cost and user convenience can be determined .

p

3.7 Field Variation.

In section 3.3, the width of the center conductor was estab—
lished to be 3.25 Inches. With the conductor width known, it is now possible
to determine the field variation on the test object as a function of trans—
verse displacement from the conductor centerline (note that the field varia—
Lion longitudinally due to line losses is negligible: .03 dB for a 3 foot

~~ length). The field intensity will be maximum under the center of the conductor
strip and will decrease with transverse displacement from the centerline.
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When there are two adjacent lines of equal phase and amplitude, the f ield
strength between the lines increases by 6 dB over the case of a single line .
Standard data* for stripline indicates the fields are down by 6 dB at a point
.64w from the conductor centerline, With a distance of 2 (.64w) or 1.28w
between the centers of adjacent conductors, the field strength between the
two conductors conforms with the field at the center of each conductor, This
Is the spacing required to assure that the field strength variation in a com-
posite line is uniform. Figure 4 is a cross—sectional
view of the strip transmission line consisting of two adjacent lines. With w
equal to 3.25 Inches, each line segment provides approx imately 4 inches of
transverse field of essentially uniform strength. To cover the specified 3 x
3 foot area, the composite strip transmission line requires nine parallel
lines each 3 feet in length.

3.8 Transition Section.

Each line segment of the composite line will be individually excited
by a multiport power divider by means of a coaxial to strip transmission line
transition section. This transition has the same cross—sectional con—
figuration as the line segment and will taper down to match the coaxial

• input. The output end of each line segment will be terminated in 50 ohms.

3.9 Input Power Requirements.

It was previously established that the field strength requirement for
the strip transmission line is 400 volts per meter or 10.16 volts per inch.
The distance from the center conductor to the test object ground plane in

• Figure 3 is 1.1875 inches; the drive voltage required is therefore 10.16 times
1.1875 inches or 12.06 volts. Applying this voltage to the conductor assures

• a 400 volts per meter uniform field strength distribution over the composite
• strip transmission line area. The input power required for each line segment

is therefore (l2.06)~ divided by 50 ohms or 2.91 watts. Allowing for reason—
• able input losses, the input power requirement for each line segment is

approximately 5 watts and the total power requirement for the composite line
(9 individual lines in parallel) is 45 watts. The field intensity can be
verified by measuring the voltage between the center conductor and the test

• object ground plane surface and dividing this by the separation between the
conductor and test object surface.

A.

The power required is the total power delivered to the line. The
Appendix of this report describes the effect of discontinuities in the line
and parallel loading to maintain low VSWR. The Appendix shows that relatively
large physical discontinuities in the test object do not cause large mismatch
losses, and it is possible to design the line such that power fluctuations are
within the acceptable level to maintain a predicted field strength.

~~ * Sanders Associates: Handbook of Triplate Microwave Components: ASTIA
Document AD 110157, 1956.
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4. REFOCUSED PARABOLA

4.1 Concept

The field generating system from 2 to 40 GHz will be parabolic
antennas with axially refocused feeds such that the radiated energy will
be focused on the test object a specified distance from the antenna.

The purpose of refocusing the feed is to siim~late far f ield rad iation
patterns in the near field. cheng* describes three techniques for determining
the amount it should be axially displaced as a function of the distance at
which the far field pattern is to be produced. This report concludes that the
feed should be axially displaced at a distance, ~~, out from the normal focus,
F, as shown in Figure 5 and as determined below:

— F2/ (R—F) (5)*
F — focal length

where R convergence distance
= displacement distance

This relationship also shows that the amount of displacement , ~~, is not a
function of frequency.

As an experimental verification, a 3 foot diameter parabola with a focal
length (F) to diameter (d) ratio of 0.5 was measured at 4 0hz at a range of
80 feet (2.19 d 2/A) , and then measured at 3 meters or 9.84 feet (0.27 d 2/X) .

• From equation (5) , wi th F equal to 18 inches and R equal to 9.84 feet or 118.08
inches, the displacement distance is 3.24 inches. The antenna was measured4

with the feed at the normal focal distance (18 inches) and at a range of 80 feet.
The measured 3 dB beamwidth was 4.10 degrees. The antenna was then measured
with the feed at 21.24 inches and at a range of 9.84 feet. The measured 3 dB 

- -

beamwidth was 4.15 degrees. By axially refocusing the feed as predicted by
equation (5), far field directivity was produced in the near field. Since the
antenna efficiencies for the normally and the refocused antennas are equal,
the gain in the near field and the gain in the far field are also equal.

As with the strip transmission line technique, the refocused parabola
concept underwent various stages of development. Initially, as proposed in
the second quarterly report, the available power was specified as 100 watts
up to 1.2 0Hz and 1 watt up to 40 GHz; the system developed was based on utiliz-
ing the available power. The resulting system consisted of eleven frequency
sub—bands from 2 GHz to 40 GHz. One important conclusion drawn from this design
is that high input powers are required in order to illuminate larger areas.
As was pointed out in the first quarterly report, high powers at the higher fre-
quencies are not economically practical. The system is therefore limited in
the area that can be illuminated at the higher frequencies and time—scanning
of larger test objects is required. -

*D.K. Cheng; Defocus Characteristics of Microwave Reflectors; ASTIA Document,
AD98 167, 1955, Syracuse University, equation (35)
+The method of these pattern measurements is described in Chap. 15 “Microwave

An tenna Theory & Design” by Silver.

15

p...- - - - - - — - —
~~~~

•-- _ -____ _* •- —--- —- - ,
~~~~~

- - —~ -~ —— -• -— - - - - —•-— - --•-- - — - - • —_  — — — - - • - •—- •
-— -_ __.__~~~~___.___ — -- — - •  - ----- —- --- -- - -• — •- ---



r 
~~~

---•-—-- -- —•--— .-••--•----••--• -

•__

_•

•••_
i
•_ •_••-__

~~
••-_-•——-••-•-- —--• • - —- ---- --— -- ------- —------- -- -—- — - - - — 7~~~ •: •:T~~ :: ——- - - -~~~~~~

---— -— --—-

- 

- Ii
~ I

0
C.,
1i~

C.)
• I-I

— .
.

• u.
E-4 ‘~~ C~4Z ~~~ U. -,-~o ~~~ 

• Cfl L&.p4 -

:1  ‘-~~~~~~~~~~~~ 
8

8 ri.
1~4

— C.

_

~~~~~~~~

i .  
-

- 
~~~~~~ ________ 

—- ___



I
Time—scanning is also desirable over the frequency bands where high power sources
are available. Discussions with manufacturers have shown that the cost of
a 100 watt amplifier is considerable greater than the combined cost of a 2 watt
unit and scanning mechanism for each frequency band.

For reasons of economy and efficiency, the design criteria for this
system is to minimize input power requirements by scanning with reflectors of
reasonable size.

4.2 Configuration

A series of calculations were made to show the compromises available for
the design of the 2 to 40 0Hz antenna subsystem. Those parameters which are
selectable are antenna size, input power, field intensity, and area illuminated.
ihese parameters are variable within the limits of the design specification for
field intensity and chamber size and within the limits of practicality of power
sources.

Parabolic reflectors varying in size from 12 to 36 inches in diameter were
• chosen in accordance with the design specification and within the guidelines of

MIL—STD—461. The antennas will be designed with refocused feeds, as discussed
previously , to concentrate the antenna energy at a distance of 3 meters from
the parabolic reflector. The gain of the antennas is shown in Figure 6 for
antenna sizes from 12 to 36 inches in diameter. The gain was calculated from
the following formula: ~

— -

• G = 0.5 4rA (5)*

where

A = area of circular aperture
• 

- 
A = wavelength

and the factor 0.5 is used for a realizable distribution on the circular aper— - 
-

ture as described by Silver.*

The beamwidth of these antennas is shown in Figure 7 and is calculated
from the following:

B.W. = 1.47 x (6) *
d

where d is the diameter of the circular aperture and the distribution (l—r 2)~
with p = 2 is used as for the gain calculations.

r 2
a

a — radius of the aperture
p — incremental radius
p 0 , l , 2 . . .

* Silver , S., Microwave Antenna Theory and Design, Volume 12, MIT Rad Lab
Series , McGraw Hill Book Company 1949. Section 6—8 page 192—195 and Table 6.2.
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Choosing p = 2 is consistent wi th primary feed patterns readily achievable
by horns or reflector backed dipole arrays.

The field intensity is calculated at the half power points of t~.e radia-
tion pattern. Therefore, the area included within the 6 dB points of the
pattern is the calculated field intensity plus or minus 3 dB which is the
excursion permitted by the design specification. The field intensity obtain—
able with one watt input power is shown in Figure 8 for parabolic reflectors
from 12 to 36 inches in diameter.

The power required to produce a 200 volt per meter field intensity is
shown in Figure 9. The power was calculated using the half power gain of the
antenna. ~he field intensity produced between the 6 dB points of the antenna
pattern is 200 V/rn 

± 3 dB. The power is calculated for dish sizes from 12 to
36 inches in diameter.

The parabolic antennas produce a beam with a circular cross Section.
The diameter of the circle illuminated by the antennas at a distance of 3
meters is shown in Figure 10 for antennas from 12 to 36 inches in diameter.

Significant conclusions pertaining to the design of the antenna sub-
system are derived from the figures and summarized below:

1. Scanning is required to produce 200 V/rn over a 3 foot
square surface.

2. Since scanning is required, it is economically desirable
to choose the larger reflectors and reduce input power
requirements.

3. If 200 V/rn is to be obtained using a 36 inch reflector, H

126 watts of power is required at 2 GHz. (Reducing the
power requirement to 10 watts would result in a dish
size of approximately 9 feet which is not within the
specified size guidelines.)

4. Standard parabolic reflectors between 24 and 36 inch
diameter can be used in the EMRS.

C

.4;

_ _  
_ _ _ _ _  _ _  

20 

_ _ _  
_ _

~~~~~~~~

— —— — —

~~~~

•--- — — _.. —- - -• - —-—-——-•- - —c,- - - — - - - - ~~~ — - ---—~~~~ - - —-— —~~~~~~~~~ - - -- — - • - — - —  ~~~- — - —— ~~~— — - —~~ —~~~,—

- —•
- -—~~~~~~ - - — --- —~~~ ----- --~~--



~ 

-—- -

~~~

------—--—-- —------

~~

--— - • -• --- --- - - ----— --- ----

~~~~~

-----— -- 

~~~~~~~~~~~~~~ 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i--
~~~~~~

-
~~~

i - t
~~~~~

f - i
-—-I -4—--- i f _ i~~J _ 1 ~~ - - : -

I ~ I ~ I i ~~~ I ~ ~ 4 ’ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~ — - s
I : ~ 

- 
~ ~ 

~ ~~~~~~~- - -  ~ ~ ~ 
- 

- J -  ~ ~ ~~~~~~ J~~~
. ~ ~~~~~~~~~ ~~~ ~;-~~r+~ 

1~ 1 ~ - -

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i~~I=1:3~tEf~ :t~~•~~ :~~..2

~ 1-r ~±-4~ ~
- ~ ~~~ ~ I - - l.

~ 
-
~ ~~~ 

- - . 
~~~~f 

. 
~~ ~~~ 1 ~ ~

I 
~~ H ~

I I ~

• -
~ I 

~~~~ 
-
~~ 

- t t  ;i.: ~: ~~~~~~~~~~~ ~~1~~~~ : I H4 t~~~ ~~~~ H ~~~~~ _ _ _ _ _ _

~~~~I 

:H T ~~ 
—

~ 
-
~~~~~ ~~~~~~~~~~ ~~W~1+ ~~~• ~ ~~ 4 • + r~ ~~~~ 1 4 - 4-L ~~~ 1 ~~ 4 4  ~~~~~ 

- -~~ ~ - ~~~

• 1~~~J_4 .~~~~~ _~1 , -

~
--- --

~

--—-4- --t
~~

--4 
t t ~~~~~~~~~~~~~

’
~~~ ~~~

-—H — I--i- — -
~~~~~

--
~

-
~~~~~~

- —
~~~~

-
~

~~~~~ ft~T t ~~~
i-

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~U~I ~L~~

-~i ~~~~~~~~~~~~~~ 
I~~~~~4 + +  f~~ ~~~~~~~~~~~~~ ~ ~~I L T 4 4 ~~~~~

_ L’~
• - 

~~~H~~~HFT  ~~HH~~f f l - H  - :~~ N-~~ 4~~~~ -~ 
‘:~~~ ~

— 
; — - r — — — ~~I I  I 1~ ~~~I~~~~~ IH~~~~~ ~ 1 I I I

I - • - -4 - 4 I I - I • - • • • 4 - 4 — — 4— — — —

- • 
1 r ~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~ 

- -
• 4~~

---t-
- -H * • 4 

- 
--4 - ~~~~~~~~~~~~ - -

— ,  -- - • I • - . -  - •  
~ t 

I i ~4 - - -

~~~~ ~ 
I i I 

~~~I tL J 
~~ I~~~ 1—fl ~~

i_ _ I  I 4 ~~ 1 4 
_______ 

4~~~f~i ~~i -~-’ ~
4 

- ~~~~
I
~~~~H ~~~~~~~~

• • - • l i ~-- -- L 4 1- 1~~ -~~~- • .  • f ~~~ -1_ L _ 4 I  — f -  •• _1
~ ~

_  
_

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~
- * I 1- ~

- 4 1

C 

- -
~~~~ 1 T~~~~ 4 ~~~~ ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ t j ~P~~ 
~~~~~~~~

_
I ~~1 I I L~~~I t t ~

_ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  L~~~~~~~~~~~~~ ~~~~~~~ I t ~~~~~~~~~~~ r ~~~~‘ H

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __ _ _ _



r 
- - - - - • - - -_— - -

~~~~

- -—---- --- 
--- - 

~~~

---- -

~~~
- -  - - - --- ---

—:—•T 
- ~ :—

~
— : • ~ ~ ~ ~ :~ ~ ~ : ~ : : ~ ~ ~ ; ~ ~ • ~ : : ~ ~ : ; ~ ~ ~ ~ 

‘ :; ; ~ ~ ~ 
! ~ ~ : 1. ~~~~

~ ~ 
- - 

1 
• • 

~ 

I I .  I I : ~ ~ ~- - • • - ‘ •- - • • - •  i • • • _  I ~ ~ - •—.- —
~~

-
~~ 

• -
~ 
, • - 

~ 
, itr~ ~~~~~~~ 

t :  I : : i  ~~~~~~~~ l - *~~~ - 4 , - • — ~~~~
. -

I ’  ‘ I I  I . 1 1 I I , I . -  • l  — ‘ ‘ •  - - • - • ‘  1—i -
~ 

, • I 4 ~~_ f ~
_
~

I , I - ~~~~ I I  I I • 1 . •  4 - r~~ ~~~~~~ ‘ ~~~‘~~~~
— ‘  ~~~~~~~~~~~~~~~~~~~

~~~~~~ I I  
I 

~~~~~~~~~~~~~

• 

- 

~ : 

~t~T I~~ 
:1~~

-

~ ~ 
* • I I 4 4~4_ I - • ~~~~~~~~~~~~~~~~~ 1 • • - • - 1~~~~

-
~t 

4 f t— ~ 4-- i- 1 ~~~~ 
~~~~ .4 

~ ~ H

L H ~ ~.14-~ j~~ — —-- : = : - • 

~ :j t ~~ ~~~ 

- 

~ •H rIT HI I f  I — • , i l • • I l  I

H I i i  ~~~+ + f I ~~~ I 

~~~~ ~~
• 

~~

—

~~~

-

~~

- 4 -  4 1  - 1 — f - - t -f--j - • I 4 I -t - • . — - f  4 -  • 4 •  - t 1 , r r  t 1 r t .  * ‘— 1 —-

-4- I - - -  H— - —

~ ~
- - t - • ~~- - • - ~ • - - - - ~ 

- 1 -~ • • 4- • - - •  4 f-i- -~--.. I - - ,_ ~~~4~~. *

~~ - j t  ~~
— — -  t ~

_ . - - f - * _ f- * t - • —l---4 -f- 
~ 1 ¶ * 1 — - 4 —+~~ ‘ -

~
-
~~—i — - •

I ~~ 1 t 1  —, 4 ~~ + 4 -
~---t

- --s-
~~~ I - 

~~~~
- f~~ 1 . 4 .  - f  - •

~~~~
- •

~~~~~~~~~
- • .  H ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~

- • ~ - -f~~~~~~— I — I  * 4  I I
~~~~

l
~~~~ l ~ I I - ’  -

L t - 4  I • I 4- ---j - - - 4 - -  - 1 I , • • - 4 ~ 
, • - - I - -

- i  I - • - I -
~ 

- -  • • - - f -
~~~~~~~~ •~~~~~~

• -  .4•_ 4 • 4 • - 4  - 4— ~ • 4 . .4-
I . I 4 4 -• - 4 • • 

- 
- I 1. ~ ~~~ 4 - 1

H H 
_ _  

~~~~~1 
~~~~ 

_ _  _ _ _ _ _
• * I 1 *  t t f  iH— i ~~ t 1

• -F~~~~~~~i - 4 - I I
I ! ,  - L ~~~ 1 ~

-t I - 4 4 - 4 + )  , 4  t - f - * — f ~ ~ 
-
~ 

+ 4 4 — i -  I -
~~~~~~~~~~~ l~~~ ~I - f - I  • -

~
—-t-

~~
3 _

~~

_

~~

_- f~~~ • - l - .4~~~~.
__4 4 444 4-. , • I • •

~ 

~~~~~~ ~~~~~~~~~~~~~~ 

~~~~

~~~ 

II - 
~

. ~~~~ 
~~~~~

. 
~ 

t~~~~- 
- ~ ~~~~ IIL~1 i: : - ~-~~~~~~~: >

-
• : ~ ~ : ~ :~ t 

~ ~~~ :~ -
~~~~~~ 

__________ ~: : ~.: ••  
- 

~~~~~~~~~~~~~~~~~~~~_••••_•__+_•__ _
~~

i _ i  
- —-,——+— ———--—- —--

~
— — ‘ : 

, . .
~~~

___ # i , I I 4 ~~~~~~~I — * —~~- ‘ 4 ~~- 4 4  I - 4
I - r - I I ,  H _ ~ ‘ I ~~~ 1 4 ’  I ¶ — ~~~~~~~~~~~~~~~ ——— 4 - 1— i-

I 4- r-4- l-1- -~ 4~~~ ‘~~~~~~ 1 4 ’  
~~~

- 4-- - 4 - 4  ~ 
- _ ~~~~ -~~ C

- i  
I 4- 4--f-- f-4- f .H - f- - r i • - r 1 1 4 - . I L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I -, ~~

I H L:HH I~ .LH ~~ 1-H HH ~~- ~H ,

~~~~ -~1~4 1 I I 

~
_ 

-F 
I 

i 
~?
‘
T ~ -H f-H Hi-t ~

_ 
~~ 

-
~ ~~~

4-_~-t~~~~~~~~~~ H _tE~.. ~H _~_,-. 

I - 
+ ~~~ f4--

~
--j- 

~~~~~~~~~
- l ~~ - ~-1-- - - - ~1L 4--

~
—

~
-H-  4 1 - -  - -

~~~-~~~~ 
-•-

~~~~~~
. -1 -f - - ~~~•H 4 

~± ; H  H~~~~~ -t -
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - ‘
-

~ 

- - - t + ~~~~~
4 +  —1- -I---

~~~
-
~~

- -  
L-

I I 1 t . 4 - t  ~~~~~~~~~~~~~~~~~~~~~~~~~ I --~- i - ~-—----~
--  4-4-- - - I 4_ _ - I ~~~

_ •-1 _
~_f t 4_ 4 - .t ~~~~~~

4_ * _*_• ~~
-

- • 4 T~ ~~~ I t  ~~~~~ ~~~~~~~ ~~~I 
- 

- 

I~~4~~~

4 

HT
~HH~~~

: ~~~~~~~~~ ~
4~~ - . 4 -  

~- t - ~ ~~-~- - 1  — -
~~~~~~~~

— -
~
--- -

~
--

~ - —
~~

—+ii -
~~

— 1
~~~~~~~~

-- —4-_ I_j -—t - -4—4 -. I-j —_ - - -*
l-

- 
~~~

2 —  4 4 1 4 4  

~ I r

I I 
I r t  ~~~~~~ 

.~ I

I 

I H 1 ~~~ 

I

- - - • j_ . • 
~~~~~~~ j j  ~~~ :~~ 

- - -

22

-4

L -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F r - - --- -----,. - — — - ------- •.--~~ - — •------.- -  -
~~~~~~ 

••-:—: 
-

—

; • 

- -

~~

--

~~~~

— 
• I 4J 

~~~~ ~~~~~~ ~~~ ~ ; I I : ~ - .
~~ J 

- 

~~~~~~~ 
; ~~~~ ~ ~~~~ ~ ~ 

- I H - -  
~ 1 

:_ :  - 
~ ‘ ~. 

I : 4 1  - ~ ~~~I 1 ~ 
~ ~ ~ ~ H ~ ~~~~~~~~~~~~~~ ~~~~~~~ 

H--H •;-1-~
.:J 

~ ;

I ~ 4 

1 1 1 1 1 _ 1 

~ f i L i  
_
~Hf~H_~

1 _ :I ~~~~~~~~~ ~~~~~~~~~~~~~~1 I 

~~~ ~ 
~ 

~ 
I I i~~~~~ ru ~ 

H 1t I~~~~~~~~ I 1 ~~~ H~~~1~~;~~~~~~~~~ 4 I ’
1E~ ~ 

I 

~T
4
~ i~ I ~~ ~~~~~ 

1 tTI~i 
~ ~~~~~~~~~~~~~~~~ 

+
~~~~ 4 ‘P

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~HJ ~~~H.H.
fH

~~ ~T I H~~* I 1 4 H~~~. ~— - - t  • _
~

_ _  4 • I _ ~~~~~, - I I - — • 4~~~~- — I
t-1-

~~ 
H : 1. I-r f 4r~~~ 4 : 4 - - -

~~~~ r HH-4- - G-H- —i- 4 -~~~ - _ ~ ff~
- — -4- 

4_ . .+ - . - -1- - -H ’ 1 - - z 

~4 t~~~~~t4i - 

1
4~~~~~~~~~~~ I~~~~~ - 

I

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— t - r — -—— I I I  

~
_j_ I 

~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ i

- 4 . l 
~~~~~ ~~~~~~~~

--
~~~

-- --+ ~~~~~ ~~~~~~
-

~~~~~
---

~~~ -4 1 1 *~~~~~~~~~~~~I I- i -- ~ 
4-~~~ 

i -
I ~~~~ ~~~~~~~~~~~~1~~~- 4 - ~~~ I 

~~~ ~~~~~~~~ f~~ ~~~~ I - 4- r -~~ • - . 

t i 1 f- - - - - t --t  I 4-- * ~- +4----4 +~~
--  ~~~~~~~~~~~~~~~~~~~ ,

~~~~~~
• .  - <

H :~ I ~~ 4 = It ~~~~~~~~~ t t L  HH ~~~~~~ II - H

~; J~ 1~~~4U ~~~~~~ ~~ H -~~ 4 
~~~~~~~~~~~~~~ 

i~~~~ 

-

____
I 1 I~~~ ~1T4T fr fd~ H t

L 
i i  I~

- -r - 1 1  •-
~~~~~H I -- H 1 -4~m

-~~~ - -~~~~ • i i  l-~ - 1 4 - - i -  
~~~~ 

-
~~~~~ 

-~~ -~ 4-  - I

* 1  t ~ I 1 ~ ~~ ~ * 

.4
I~~~I l ~~

rf4
~ 

I - - ~-~~~~~ ~~~~~~~
I f 4- I t I ~~~~~~~~~~~~~~~ - I ~~~~

I 
f li .  1 _ H H . 1 _H I ~~4 4 J

l~~~ U: 4,

1 1~~ 
~ 4 f f Li~~j i1T~ r~~~ f~~ T ~~

~~~~~ ~
i

~~~~
: 

- :  = ~.:-~ H :~ =~~ H-H LHH. 
~~~~~~ ~~~~~~~-fl ~~-

~~ 
t 1 I - - 1 ~ ~~~--~~ -

~~
-
~~~~~ 7- r I .I

~~~~~H+ 
- 

~ - 
I

L W  I L ~~~~~ 
_ _ _  

U-~L t I tT1~~~~~~ 
-

- . ~~~~~~~~~~~~~~~ j~~ 
•—

~~
i -v - 4-— f_ f -*— .f -t ~~-~~f -+- 4 f--- t - ---

~~
- 4 - - + -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-I 4— ± ‘ - -  ,-~~ 4~~~~~ -r ~~

i f ~~~ r 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 4 ~~~~~~~ ~- r ~~~~~~~~~~~~~
-

4 ’ f t 
~~~~ t

~~~t~~~~~~~~I I L  I 1~~~~4~~~
4 -l —~ ~ 

-‘ I- 1- - 4 - -t--4- -
~
--

~
--

~
— +~ - -~~- - 1~ --~ ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —

~
--± 4-

~~~~~~~~~~~~~~~~~ I ”  ~~~

~~~~~~~~~~~~~~ ~~~~~~~~ --t~— —~
— 4 - —~ ~~~~~~~~~~~~~~~~~~~~ i— f— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
C

i— -~~ — : ‘ *H1 I - : ~~~ ~ ~~~~ ~~~~ — t  . 4 1  4 * —f - - f—--- :-~ -f - f - -l ~~~I 4 ~~~I 4 I 
1~~~~~ 4- _ If ~-f -4--f- 

~~~~~~~~~~~~~~~~~ 
:.

O ’ ) —~— —,——‘-—r + 1— ~— 
I . ~~~~~4 - ~~~~~~~~~~~~~~~ : 1 4 1 I r I f l 4 + 4 . t r I t ) 1 .~

.
~~ I ~~~,

- - !  

~
—

~— t’ * I I__ I t ± 1 4 . . 4_ I
~
_
~

5_4 I .• - - -

~- - - 1 - - + .—t- ’ 7—t-~- 1~~, +—
~

—+— —-
~~~

------ • - • - :-~
I

4 ~~~ L ~~~ ‘~ :~ .~~~~ ~1~ 
,—.1-

-1- i • I t - ~ 4 4 t  — 1 1 1  4- _I • 
_4__ 4-

— 1 -4— -- f — r I - —

~

—

~~ ± 
- I i I ~~~~~~~~~~~~~ 

— I f- —— ’
- - F I - I - • 4 , 1 4- — t i .1_ f  - • .4 ,4 + — ~ - t — l — - * .

~~~

_ 
~~_ . - . 1  * — _

~
- i  4 —4- - I - 4— 4 - 1  

~
_ ; _  

* - I I - - I * -4 1 - 4  I I 
- 

—•- —*— +_.__ 4- _4 4_ - •4~~~~•, I

C r:~ ~ T - ~~~L H - r : - H : : .4 ;:  
¶ 

-
~~~~ I -H :i4-t~ H:

Jf Lj 4~~ ~~~~~~~~~~~~~~~~~ 

- 

H 

I

1 .4 I I I +J
~~ 

I 
H — I t

I I I  ~~~~~
. - .  - ~ IL - 3! QQ~~ 9~. 

~~th~iL~iV 1~~~-fH
. 

1__Lt . ’ t i  L - . .  : H: I  __________ :::*~~: L:4~~~~~~j. 
4 + 4 . . -

23

~~~~~~~~~~~~~~~~~~~~ T’!. ’i~ r~~~~~
-- - - -  -- - - -  - -- --—-— - - - - - - ------- - - ------ -- _________



--~~~~~~~~~~~~~~-- . - - .

5. SUMMARY.

5.1 Conclusions .

It is concluded that the strip transmission line is a suitable field
generation device for the frequency range of 10 kHz to 2 0Hz. A single com-
posite line can cover a 9—square foot area over the entire frequency range,
with only 50 watts of input power to produce an equivalent field strength of
200 volts per meter.

It is also concluded that a 36—inch refocused parabola is a suitable
field generation device for the frequency range of 2 0Hz to 40 GBz. This
antenna requires a maximum of 126 watts of power to produce a f ield strength
of 200 volts per meter. In order to illuminate the entire surface of a large
test sample, it will be necessary to scan the antenna over the surface.

5.2 Recommendations.

It is recommended that:

a. The strip transmission line be used as the f ield generation
device for the frequency range of 10 kHz to 2 0Hz.

b. The refocused parabolic antenna be used as the field generation
device for the frequency range of 2 GHz to 40 0Hz.

c. The EMRS system, as outlined in this report, be expanded and
incorporated in the EMRS design plan. 

- 

~~~~~~~~~~~~~~~~~~~~~~~ j



APPENDIX

ESTIMATION OF THE DECREE OF DU1IMY-LOADING NEEDED TO -

CONTROL ThE RE TLJRN-VSWR TO A PCMER SOURCE
DRIVING AN UN PREDICTA BLY OBSTRUCTED TEM LINE

Prepared by: D.M. Lipkin -

NOTE: This appendix conta ins an analysis suppor ting the
statement, on page 7 of -the main repor t , regarding
impedanc e compensation required to maintain a VSWR
of 1.2: 1 with a sizeable protrusio n in the strip
line. For a protrusion, rather than a detached
obstruction, b = 0 In the diagram in this appendix.
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ESTIMAT1O~ 01- THE DECRE E OF DIJ}INY-LOADIN G NEEDED TO -.
CONThOL THE RETURN-VSWR TO A POWER SOURCE

DRIVING AN UNPREDICTABLY OBSTRUCTED TEM LINE -

I-c TEM LINE
(PROPE RLY TERNINATED WHEN - -

OBSTRUCTION IS REMOVED) -

GND 
-

“ (See

~~~~~~ - 

.-jz~

/ / ~ (Du MMY LOAD) 
- 

METAL-BOX
( f OBSTRUCTION 

-

b --

1-
_ _— X — <  £ >- [

-

4———- Z0 
_ _ _ .1, (_ _ .~~”Z1

t’ 
~~~~~~~~~~~~~~~~~~~~

SU?PLY -LINE —

FROM P O;.YER
SOURCE (1)

(The d inansions x, L., a , and b are not predictable in advance. —— The worst
It 

case, vctrsu - both x and L, is worked out, for “given”, unspecified a, b, and --

.

.

-

~~~~~~~~~~~~~~~~~~
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1. ESTIMATION OF “Zi ” (CHARACTERISTIC -

iMPEDANCE OF TiLE OBSTRUCTED SECTION
OF THE TEII LINE)

(

~
;:;c::

~::;:: :z:I:::::::: ~~~~~~~~~~ 

j u

_ 1:1:Irz

j

T

1 

r ,4 ‘
11-

’’’ ~~~~~~~~~~~~~~

1-~ h

// - 
- :‘*- 

OBSTRUC~~~~~~~

4

- ~~~~~~~~CENTER-CONDUCTOR OF TEM LINE 

-

- 
- -

~~~~ OUTER CONDUCTOR (S) OF TEN LINE 
-

~~~~~~~~~~~~~~~~~ 
7.7 ,:. -

. 
- 

-

(2)

(Cross—Sectional View of Obstructed Section of the TEM Line)

For purposes of estimating the increase of the TEM l ines capacitance-

per-unit-length due to the presence of the obstruction, the fol-

1~~ing assumption is made:

The regIon of the TEN line that cc’ntains the obstruction, end tb~ ohstri~c-

tion itself, have such sha pes and dimens ions as to enable the line ’s electric-

field lines to be approximated as s tra igh t  and of uni form density,  in tha t

reg ion , both in the presence of , and in the absence of , thp (per fect ly conduct ing)  

.H ~~~ - =-~~~~ 
-



r

Subj~ ct t o the assumption (3), the capaci tance of the reg ion of the TEN

l inc~ of wid th  w , per uni t  length along the lIflu~ in the absence of the obstruc—

t ion , can be approxinated as:

910 w Farads
4sh cm

0

where all dimens ions are in cm, and v0 is the velocity of light in free space

(the TEN line is assume d to have vacuum—d ielectric) :

2.997924562 x 1010 cm/sec. - (5) H

And , in the presence of the obstruction, the correspond in g capacitance-per -unit--

length can similarly be estimated to be (taking the a—capacitance and the b-

capacitance in series): -

1 1O9 w Fara ds
1 

— 

1 , or , 2 4,t(a+b) cm (6)

9 + 9 V
0

10 w 10 .w
2 4~ a 2 4nb

V v
0 0

The increase in the capacitance-per-unit--length of the section of the TEN

line thit contains the obstruction, is therefore estimated to be: [ (6 )— (4) )

- “~CJ
” . (~J . ______ 

Farads 
(7)

and C1, respectively the inductance and capacitance per unit length of

the unobstructed TEN line, are related to that  line ’s character istic impedance

Z and velocity of propagation v
0 

as f ollows:

—‘IcZ = , (ohms) ; (8)
It 0 C1

v~ 1i\I i j ~~j  , (cm/sec) (9)

in which L1 is in Henries/cm and C1 in Farads/cm .

~~~~~~~~~~~~~~~~~~~~~~~~
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The corresponding relationships for the obstructed section of the TEN line

are:

z1 , ( Ohms) ; (10)

v 1/~[i2,c~ , (cm/see) (11)

in which the pr imes denoted the altered parameter s due to the obstruction, and

in which it is to be noted that the same velocity -of-propa gation, v0, applies,

as in the unobstructed case. 
. -

Eliminate L1 between (8) and (9), and L~ between (10) and (11), to get:

{C

1 
= , (12)

Z1~~ v C ’ (13)
o l

But , 
. 

-

C~ = (C1 + AC1), 
- (14)

where AC
1 

is given by (7). Therefore, by eliminating C1 
between (12) and (14),

and substituting the resulting expression far C~ into (13), we obtain: -

z
0 - - -Z =  - (15)1 l + v ZA C

0 0  1

By using (7) to eliminate AC1 
from the desired estimate, we obtain the formula :

(expressing Z
1 
as a fractional m:ltiple of Z0)

Z ‘ 9 1 (16).
10 Z t  IIh-(a+bVh% I

Li + 4 v~,/ I (a+b)h P

(which is a r a t i o  smaller than un i ty,  as would be expected.)

29
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2. DETE RN I NATION OF THE DRIVINC-POD~T
INPEDANCE OF THE OBSTRUCTED TEN LINE

pith reference to the Figure (1), the equivalen t  c i rcui t  of the en t i re  TEl

line c~ n be represented as:

rt<___ PHASE_LENGTH=~ L_)~

J

DRIV~~C~~~~~
_ 

~~~~~~~~~~~~

(z r ) -
~~~ ° - -

in which, (17) J
~~ 

(
~

) =  (
~

) = (
~9 • (18)

The general formula for the impedance Z’ (seen when looking into the Z1—line,

above), is:

Z (Z cos(~L) + jZ sin ($L))  -

Z 
{ ( Z 1 

cos(~2) + j Z  sin(~2)) J o J 9 )

Correspondingly, the desired driving-point impedance, Z~,, is:

- 1Z (Z’ cos(~x) + jZ sin(~x))1
= 

t (Z cos(~x) + jZ ’ sin(~x))J 
(20)

It
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Ey u s i n g  (19) to e1i~ inate Z ’ f r o m  ( 2 0 ) , and after soc~e rearr~ nge~ent,

o:~ arrives at the  fo1lo~’inp foru~t~la for Zp

r z i  -I
1co~ (~ x)cos(~ L)-  

~
is i n (

~
x) s in(

~ L)j
1 _

— 

~~~~~~~~~~~~~~~~~~~~ sin(~ x) s in (~ Lj

+[ ~ sin(~x) cos (~L)+(~-9 cos(~x) s in(OL)] 1
- 

— (21)

- +{~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(In the above formulas , Z0 and are real impedances, and (Z1/Z0) may be
- - estima ted via (16) . Note that Z = Z if = Z.) -

For later reference, the following quantity is calculated by the use of (21):

(~-a + i) 
— 

[2~ cot(~L
) _(~-2 +~~~--)] e

2j
~~

C 
-

- z I —  z z (22)

- -
. 

- ~~~~~ ~1 zi z0

I.
I .

It

31 
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3. DETCR?!LNAT 1ON OF TILE NAGNT TUD E OF
TUE RF:1-’LEcTION-COEFFICIEIIT INTO

THE SUPPLY-LINE

With rt~!erence to the Figures (1) and (17), the impedance tha t loads the

- 
s upp ly- l ine Z is Z shunted by the dun ~~~-load Zd . The reflection-coefficient

r of interest  is therefore:

- z z
P d __ ..z

r 
Z + Z d 

- (23)

(zP~~~ d) ~~~ - 

- 
—

We assume , however , that the supply line is properly terminated whenever the

obstruction is removed from the TEl line ; i.e. , 
-

[r = 0 when Z z ) .  (24)

App lying  this to (23) yields:

- -

-

-

- 
- zs 

= k +~J - (25) J

- .  As the va lue to which must be designed , for any assigned choices of Z and

- 
i Zd

. ~~~~~~ ( 25) reduces (23) to:

r = 

- 

~~~+ 1

• 

-
- (26)

~÷ { ~ ÷~~ ) :~ 
-

r °- zo-

It

“ 1

N
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I~y subst i t u t i n g  ( 2 2 )  into (26), Equation (26) is ex panded to :

zCl
z
o _______________________

r 

~~~ 

2(1 +~~~
) 

. [j cot~~~~ - e
2

~~~~ 

(27)

•~~1

In th is , we regard Z0, Z1, and as dissipative, positive, r eal i~~~ ar~~-s ,
and regard x and 2 as unpredictable distances . Also, from (16), Z1 < Z0.

Patently, therefore, from the mathematica l form of (27), the following

upper bound can be calculated on ~~~ for any value of x, and for unspecffied

fixed 2:

Zd -

z
r - - 

2 
- (28)

( for any ~~ 2 1 +(~-) / ~~~~~ +
1 — 

(z — ~~~
j’ 

Vcot
2
(
~

2) + 2 -

The relat ionship (28) can be rewrit ten as follows, without absolute-va lue signs

in the denominator : - 
-

Zd
z

I r l � - 0 
(29)

1 + ~ 
~/~

+ ((
~

_ 
- S~ fl

2 (~ L)) -

C

__ _ _ _ _  _ _  

33

I: i’~ ___________  ______  _ _ _ _ _ _ _ _ _ _ _ _ __ _  _ _ _ _ _  -



F —--—— -- - - 
---

~~~~

--

~~~~~~

--- - ---_
~~~~~

-.——----- - -  -- - - _ --
~~~~~

-_
~~~~~~~

—
~~~

_-—_
~~~~~~~~~

--—- - 
—U”

The R.H.S. of (29) reaches its largest value , a worst case , when sin 2 (~ Z)

cqua l~ u~’t iry .  Therefore, in th e abs ence of any inform ation concerning £ as

- well ~is ~ :, the following statement can nevertheless a lways be made:

z i
- I n  � °I (30)

(for any x,L) 
+ ~~ 

/1 
+ 

~~~~ 
- 1 -

- - 

V zi z0

which can be simp lified to:

l r I � 
1 

(31)
-: - (for any x,L) 

2 1 +

-~~ 

- 

i + ~~~~~ 2 - 
-

- 

(
~) - ; -

- Z >  (see (16))

• which upper limit can obviously be made as close to zero as desired, by choos ing

the dummy-load resistance Zd suff ic ient ly small in value .

~1

It
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6. VSWR AND D1JN�IY-LOADINC CONSIDERATIONS

The VSWR in the supp ly-line, “v”, is related to the magnitude In of the

reflection—coefficient, by:

~~ 

~
1) [=(

~ 
÷ 1)  [

~ 
-+ 

2 
(32)

- n-- ’ (m
i)

Since this is a inonotonic relationship, the upper bound (31) on I r I  implies the

following upper bour~l for v:

[kL’lv� 1+ z (33)
- 

11+
~~~~

N OTE: Independently of the value chosen for the positive resistance

- 
Zd, the R .H.S. of (33) cannot exceed the value (Z 0/Z1) 2 ; so, values

of v greaten than (Z0/Z 1)2 need never be of concern. (34)

For a specified max imum possible VSWR, ~~~~~~~ that satisfies (34), i.e.,

< 
(i .) ‘ 

- 

- 
(35)

the inequality (33) can -be solved for Zd, the dummy-Load resistance, giving:

z v - 1  -

(36)
° (

~
)

It 
-

3 5 -

- 
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r
For co:~venience in app lying the est imate  (16) to (36), (16) can be rewri t ten

as:

-~~~ -E (
~

) . (m;a~~1w)]

From (5), we notice that: (4g v
0

/ 109) ~ “(12O~)”, and is thus just the

characteristic impedance of free space:

4~t
“Z 0” (= 376.730 Ohms). (38)

10 
-

-t Therefor e, Equation (37) can be written still more succintly, as:

- 
(~) ~ [~

+ (
~

_) (
~
;
~1] 

• 

- 

(39)

But, see (42) .~ 
-

By inspection of the Figure (2), moreover , it is seen that the pr oduct

[ (h-a—b)wJ which appears in (39) is just  the cross-sectiona l area , “A” , of the

bo:~-obs truction placed in the TEll line ; i.e.:

[(h -a -b)w) A. (40)

The product [(a-i-b)h] which also appears in (39) does not have as simple an

interpretation, but is susceptible of re presentation in terms of a “mean

cleara nce” H, as follows: Since h is the clearance (see Figure (2)) ava ilable

before insertion of the obstruction, and (a+b) is the total amount of the upper

and lower clearances af ter  insertion of the obstr uct ion, one can def ine a

useful geometr ical mean of these two clearances, by:

“H” E ~fi • (a+b) . (41)

- 

36 -

~~~~~~~~~~~~

— — _ —

~~~~~
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I in view of (40) and (41) for notation, the formula (39) now reduces to:

I f~2) ~ + ~~~ ~2)] 
(42)

I 
00

I 
-

I

- -It-
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5. POWEP~-WASTE RATIO (“PW’R”) DUE TO
TilE DUMMY -L0~DING

We define a FvIR as follows: (see Figure (1)) -

(Power Dumped Into the Dummy-Load Resistance

Power Delivered to the TEM-Line’s Termination Z
0

When No l.letal-Box Obstruction is present in that

Line) (43)

It is readil y seen, that:

zo
PWR = ~~ (44)

whereupon, from the inequality (36), we have the following lower limit on the

PWR (connected with the use of dummy-load ing to control the VSWR of the supply-

line):

2z ’• 01- J Vmax.
- 

— ‘ (45)
max.

where again  v is a specified maximum value tha t the VSWR is allowed to
‘ ‘ max.

take.

I. 

38  
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6. SU~1MARy OF FORNUL AS

A. The basic estima te of Z1, the charac ter i s t ic  impedance of the obstructed

section of the TEM l ine, is given via the formula (42) for (Z0/Z 1), with

- (40) and (41) and (38) and their discussion provid in g notation, and (3)

expressing an essential qualitative assumption .

B. The maximum allowable value (to allow for worst cases on the dimensions £

arid x --- Figure (1)) for the dummy-load resistance is expressed via
1

• t the inequality (36) for (Zd /Z o) .

C. Alternat ively to B. , the worst VSW’R tha t can be expected , for a given Zd,

is ex pressed by (33).

• D. The power-waste ratio, due to duum~r-loading, is as expressed by (45). --

See (43) for its definition.

E. For given TEll-line Z
0, 

and dummy-load Zd, the sup ply-Line’s character istic

impedance Z~ must be as given by Equation (25).

I -

I
i -

-

~~~~~~ 

I

II



7, NLThIEIflcAL EXANPLE L

Choose the values:

(a+b) = 0.5 in. 1.27 cm. (46a)

h 2.5 in. 6.35 cm. (46b)

A 1 in.2 6.45 cm2 (46c)

Z0 = SOfl (46d)

[Z00 = 376.73fl (see (38))] 
- 

- (46e)

V = 1.2:1 (46f)

Then,

(41) gives “it” 2.839 cm. (47a)

(42) gives (Z0/Z1) 1.106 (Z1 45.2fl) (47b)

(36) gives (Zd /Zo) ~ 8.695 (Zd -‘ 434.8c~) (47c)

(45) gives PWR ~ .115 (11.5%) (47d) L
and

- 
- (25) gives Z~ = 44.8Q (if Z

d 
434.8a) (47e)

- - !  {Fur thermore, if Zd (no duanny—load leg) ,

(33) gives v � 1.223), (47f)

—— so that no dummy—loading would really be required , in the context

of the above example! ——
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